Abstract: A cross-sectional study on 6,676 workers consisting of 4,243 males and 2,433 females aged 20-58 yr in a metal product factory was conducted to elucidate the relationship between work characteristics, e.g. job demand/control/support, sedentary job, overtime work and shift work, and waist to hip ratio (WHR) as well as body mass index (BMI) taking alcohol consumption, smoking, exercise and other psychosocial factors such as education and marital status into account. By a stepwise multiple regression analysis, BMI was associated with shift work, marital status and sedentary job for males, and with exercise but inversely associated with education for females. WHR was also associated with shift work, alcohol consumption, marital status and sedentary job but inversely associated with exercise for males, and with sedentary job, marital status and education but inversely associated with smoking for females. These results suggest that work characteristics such as sedentary job and shift work should also be considered when trying to prevent increases in BMI and WHR.
Introduction
The percentage of people over 20 yr of age in Japan showing a body mass index (BMI) ≥25 kg/m 2 was 23.8 in 2000. Especially, in younger males the trend toward overweight has markedly increased 1) . Hence, preventing overweight has become an important task from the viewpoint of health promotion. The usefulness of anthropometric measures, such as the ratio of waist to hip (WHR), waist alone and ratio of waist to height, has been recognized in evaluating central adiposity related to hypertension, noninsulin-dependent diabetes and dyslipidmia as cardiovascular risk factors as well as BMI 2, 3) . Therefore, elucidating the causes of increasing central adiposity is important to prevent cardiovascular disease.
According to many investigations in several industrial countries, disadvantageous psychosocial factors affect increased WHR. Differences in socioeconomic status (SES) measured by income, education and social class, have been noted to contribute to the differences in WHR. Namely, WHR increased more in the low SES group than in high SES group 4) . Besides, not only work characteristics, e.g. shift work and problems at work, but also psychiatric symptoms, as well as SES, were reported to be associated with WHR [5] [6] [7] [8] [9] . The effects of work characteristics on cardiovascular risk Industrial Health 2004, 42, [41] [42] [43] [44] [45] [46] [47] [48] [49] factors have also been investigated in Japan. Overtime was associated with increased ambulatory blood pressure 10) . With regard to job stress measured by the job demand-control model 11) , job demand was related to decreased fibrinolytic activity 12) . Job strain, combined with high demand and low control, and low social support were found to be associated with increased glycosylated haemoglobin A1c 13) . In a casecontrol study, people with acute ischemic heart disease had high job demand besides hypertension and marked Type A behavior 14) . A U-shaped relationship was found between mean working time and myocardial infarction in another case-control study 15) . Although WHR and ratio of waist to height were also shown to be associated with cardiovascular risk factors among Japanese, only few studies have been available so far on the relationship between psychosocial work environment and WHR in this population, and even on the relationship between work characteristics and BMI, a widely used index of obesity. Our previous study, in which the target subjects in the same factory ranged from 35 to 59 yr of age, demonstrated that sedentary job as a work characteristic was associated with WHR 16) . The objective of this report is to elucidate the relationship between work characteristics including job stress, overtime work and sift work status, and WHR as well as BMI.
Subjects and Methods

Study population
The subjects of the study were the employees aged 20-58 yr in a metal products factory in a rural area, who underwent a medical checkup during the period between April 1996 and March 1997. The study excluded junior employees who worked for less than a year, short-term employees from recruitment agencies, a few directors, and anyone who did not give informed consent to participate in this study, as well as 256 employees who underwent a medical checkup at another medical facility because their anthropometric measurements were not available. Seventy females who experienced delivery between May in 1996 and May in 1997 were also excluded. The participation rate was 88.9% of the 7,509 employees, 90.1% in males and 86.6% in females, based on registration on 1st May in 1996.
Anthropometric measurements
The subject's weight, height, and waist and hip circumferences were measured in the factory uniform made of thin cloth. BMI was calculated by dividing weight by height squared. The waist circumference at the umbilicus level and the hip circumference at the widest level were measured by experienced nurses.
Work characteristics
Individual work characteristics -job demand, job control and worksite support-were determined by the Japanese version of the Karasek's job demand-control model 17) . Sedentary job, overtime work and shift work as other work characteristics were assessed by a self-administered questionnaire. Job demand, job control and worksite support were classified as nearly as possible into tertiles. Sedentary job was categorized into three groups according to the average sedentary hours per working day in the past year ('< 1 h', '≥ 1 and ≤ 4 h' and '≥ 5 h'). Overtime work was also categorized into four groups according to the sum of overtime working hours during the past month ('< 20 h', '≥ 20 and < 40 h', '≥ 40 and < 60 h' and '≥ 60 h' for males). Categorization of overtime for females was different from that for males, because no females worked overtime excessively ('< 20 h' and '≥ 20 h' for females). Basically the 3-shift workers who worked in the night were categorized as a shift work group (non-shift and shift). No female worker in the factory was engaged in 3-shift work.
Life style and other social variables
Smoking habit was classified as 'non-smokers', 'exsmokers', 'smokers of < 21 cigarettes a day' and 'smokers of ≥ 21 cigarettes a day'. Alcohol consumption was measured in terms of grams of ethanol consumed per week, and was categorized into three groups which were 'less than 25 g/ week', '25 g to 174 g/week' and '175 g and more/week' for males. Classification of alcohol consumption in females was not the same since they did not drink as much as males; 'less than 25 g/week' and '25 g and more/week'. Exercise was classified as 'almost no exercise', 'light exercise per week', 'brisk and sweating exercise once or twice per week' and 'brisk and sweating exercise more than three times per week'. In addition to smoking habit, alcohol consumption and exercise, education and marital status were important measurements of social variables. The measure of education was determined by the total years of education, and was classified as '< 11 yr', '11 to 12 yr', '13 to 14 yr' and '≥ 15 yr' of education. Marital status was divided into 'married' and 'not married'.
A questionnaire covering the characteristics of work was administered within a month before or after a person underwent a medical checkup. Other measurements were conducted at the time of the medical checkup.
Statistical methods
All statistical analyses were adjusted for age, and data were analyzed separately for males and females using an SAS program package.
Since BMI and WHR are related to smoking habit, alcohol consumption, exercise, education and marital status, we regarded them as covariates [18] [19] [20] [21] [22] [23] [24] . Job demand, job control, worksite support, sedentary job, overtime work, shift work, smoking habit, alcohol consumption, exercise, education and marital status were analyzed as categorical data, when BMI adjusted for age and WHR adjusted for age and BMI were compared among various factors using a general linear model method.
The differences in the relationship of various factors to BMI and WHR levels were statistically evaluated by a stepwise multiple regression analysis; job demand, job control, worksite support, sedentary job, overtime work, smoking habit, alcohol consumption, exercise and education were analyzed as order scale. The significance level for the explanatory variables to enter and to stay in these models was p=0.15.
Results
The overall mean age was 39.2 (SD 10.2) in males and 38.2 (SD 10.5) in females. The mean BMI and WHR were 23.1 (SD 2.9, n=4243) and 0.858 (SD 0.055, n=4229) in males, and 22.1 (SD 3.2, n=2433) and 0.788 (SD 0.072, n=2433) in females. Table 1 shows the mean levels of BMI and WHR by four age groups. With advancing age, BMI and WHR increased in both sexes.
The associations of BMI and WHR after adjustment of BMI with several work and other life style characteristic factors are shown in Table 2 and Table 3 . As shown in Table  2 , in males, more sedentary job, shift work, no smoking or previous smoking and matrimony were significantly associated with increased BMI. Shift work status, excessive alcohol consumption, smoking habit, less exercise and matrimony were significantly associated with increased WHR. In Table 3 for females, less sedentary job, more exercise and less education were significantly associated with increased BMI. High job control, more sedentary job, less smoking, high education and matrimony were significantly associated with increased WHR.
On the other hand, no significant interactions of job demand and job control with BMI or WHR were found in either sex (results not shown here). Table 4 shows the results of the final stage analyses of stepwise multiple linear regression in males; the dependent variable was BMI or WHR. Explanatory variables were job control, job demand, worksite support, sedentary job, overtime work and shift work status as work characteristics, tobacco and alcohol consumption and physical activity at non-working time as life style factors, and marital status and education as other psychosocial factors. Increased BMI was shown to be significantly related to older age, shift work, matrimony, more sedentary job and more exercise, and less significantly related to smoking habit. With regard to WHR, BMI, age, less exercise, shift work, excessive alcohol consumption, matrimony and more sedentary job were significant predictors of increased WHR. Table 5 also shows the results of the same statistical analysis in females. Shift work was excluded from the explanatory variables because no female was working on the night shift. BMI was significantly associated with age, education and exercise: older women with low education and more physical activity showed increased BMI. BMI, age, more sedentary job, matrimony, high education and no smoking status significantly predicted increased WHR. 
Discussion
The means and standard deviations of BMI levels for this study were very similar to the results of the National Nutrition Survey in Japan conducted in 1996 25) . According to this survey, the means and standard deviations of BMI for males were 23.2 (SD 2.9) for those in their thirties and 23.4 (SD 2.9) for those in their forties. The corresponding levels for females were 21.4 (SD 3.2) and 22.8 (SD 3.2) respectively. The mean WHR levels in this study were lower than those in the other Japanese investigations, probably because the participants in this study were younger than those in the others [26] [27] [28] . As for work characteristics related to BMI or WHR, our study showed by stepwise multiple regression analysis that shift work and sedentary job predicted increased BMI and WHR for males, and that sedentary job predicted increased WHR for females. The same results were obtained when we used waist circumference, considered to be another good indicator of abdominal fat accumulation, instead of WHR (analysis not shown here). It is well known that various life style factors affect BMI and WHR. Increasing physical activity is an important factor in preventing obesity and improving fat distribution of the upper body 21, 22) , and this was more consistently true of males than of females in our results. Exercise was positively associated with BMI for both genders. We suggest the following reasons for this; first, BMI for some people who have the habit of regular exercise, for instance athletes and people who perform resistance training, does not decrease but rather increases because of the presence of increased muscle mass. Besides, anthropometric improvement due to exercise is more often observed than reduced body weight 29, 30) . Indeed, the mean WHR in the group of 'brisk and sweating exercise more than twice per week' was the lowest compared to that of the other groups for both males and females in our result. Second, obese people with hypertension, hyperlipidemia and hyperglycemia were repeatedly recommended to implement an exercise program by the health care center in the factory, and so people with increased BMI were very likely to be included in the group of people who do the most exercise. Third, the effect of physical activity on body fat is not always as clear for females as for males 31) . Acute cardiovascular accidents due to overwork with long working hours have been focused on when the health effects of working conditions in Japan are considered 32) . However, few studies have been conducted yet on the relationship between prolonged working and BMI or WHR affecting cardiovascular risk factors, and the nature of the relationship has been obscure. Our data showed that for males BMI and WHR of the longest overtime group increased more than those of the other groups, but no statistically significant association between overtime and BMI or WHR was found after adjusting for other factors. Maruyama et al reported that working hours was not a contributor to increased obesity in 6,536 intermediate male managers in more than 100 firms 33) . Another 5-year cohort study was conducted on 941 white-collar male workers, of whom about 57% were managers and about 62% were architects/researchers. Long working hours was negatively associated with hypertension, and was not significantly associated with linearly increased BMI 34) . On the other hand, there were significantly positive relationships between total overtime hours and changes in BMI or waist circumference in 230 non-management white-collar male workers in the period of three years 35) . Occupational differences such as working position may contribute to the difference in these results. Another study on laborers in Japan reported that cleanroom workers who had changed from working three 8-hour shifts to two 12-hour shifts showed a significant increase in their BMI one year and a half later 36) . But in analyzing these data, two factors, longtime working and shift work, have to be taken into account. Indeed, shift work as a working condition seemed to increase BMI and WHR 5, 6, 37) . Our result also showed that the shift work condition was positively associated with BMI and WHR.
There were significant relationships between sedentary job and BMI for males, and also between sedentary job and WHR for both sexes in our study. This seems to be a reflection of less physical activity 38) . A number of investigations have noted socioeconomic inequalities in health in industrial countries 39, 40) . As one part of the explanation it is implied that people in low SES tend to be more obese than those in high SES 24) , and likewise an association between SES and WHR is implied. The present study demonstrated that education as a measure of socioeconomic status was unrelated to increased BMI and WHR for males after taking into account potential confounders. Among females, an inverse association between education and BMI was shown, but contrarily, higher education was a significant contributor to higher WHR. This inconsistency is difficult to explain because of a shortage of information on, for instance, reproductive and menopausal status which seems likely to affect WHR 41) . In our previous study on subjects aged between 35 and 59 yr we reported that after adjusting for confounding factors there was no significant difference in the mean WHR among the different levels of occupational categories for males. The mean WHR of female labourers, however, was higher than that of female engineers and clerks. Although the labourer group was expected to have had lower education in comparison with the engineer and clerk groups, we could not accurately determine the educational backgrounds of the employees in the previous study 16) . Regarding other Japanese studies, WHR of the employees who worked for a computer company was larger for blue-collar than for white-collar workers in both sexes. The author interpreted this result as suggesting that disadvantaged life styles, such as less exercise and more alcohol and smoking consumption, for blue-collar workers might contribute to the differences in WHR 42) . However, others have observed no such association. Among the middleaged males of the Self-Defense Forces it was demonstrated that military rank as an indicator of socioeconomic status was only weakly associated with BMI, and was not associated with WHR 43) . Another Japanese study conducted on 4,545 workers of various companies demonstrated that BMI was higher in white-collar than in blue-collar workers for males, and that contrarily higher BMI was shown in blue-collar than in white-collar workers for females 44) . Hence, the SESoverweight relationship in Japanese may not be as clear as that seen in other industrial countries.
Moreover, people in low SES generally work in more stressful conditions compared with people in high SES. Björntorp has suggested some stress associated with psychosocial maladjustment elevates WHR because psychosocial disadvantage pressures may cause visceral fat accumulation via acceleration of activity of the hypothalamicpituitary-adrenal axis 45) . Therefore, his study demonstrated working handicaps such as being out of work and having problems at work were positively associated with WHR 6, 7) . Incidentally, the job demand-control model has been commonly used to evaluate job stress recently. It is not clear, however, whether the job stress promotes a tendency toward overweight or upper body fat distribution [46] [47] [48] . A Japanese study showed that BMI of the job strain group was lower compared with that of the others in males, with no significant difference noted in females 49) . In the present study likewise, job stress estimated by a job demand-control model was not significantly associated with BMI or WHR after adjusting for confounding factors in either sex. While a job demandcontrol model did not show any potent associations with BMI or WHR in our study, we may need to extend our investigation to include other job stress measurements, for instance an effortreward imbalance model, to clarify the relationship between job stress and obesity and upper body fat distribution.
In the meantime, we measured waist and hip circumferences of the subjects wearing the same factory uniform, and adopted many parameters from self-reported information, so that some of our results might possibly lack accuracy. However, as we studied quite a large population, we may reasonably conclude that shift work and sedentary job were strongly associated with increased BMI and WHR. Besides, the reason coefficients of determination (R 2 ) for BMI by multiple regression analyses were small is that BMI may be more related to other factors such as dietary and genetic ones that we did not examine 50) . We also have to consider that several work-related factors focused on in this study are complicatedly linked to each other. Therefore there is likely to be some criticism for using the stepwise multiple regression analysis to elucidate the relationship between work characteristics and WHR and BMI. In the next step, we will need to unravel these complicated relationships to help develop more effective health promotion activities.
In conclusion, by stepwise multiple regression analyses, BMI was associated with shift work, marital status and sedentary job for males, and with exercise but inversely associated with education for females. WHR was also associated with shift work, alcohol consumption, marital status and sedentary job but inversely associated with exercise for males, and with sedentary job, marital status and education but inversely associated with smoking for females. Because overweight not only aggravates various risk factors of cardiovascular disease but also promotes other health problems such as gallbladder disease, osteoarthritis, back pain and certain types of cancer 51) , preventing overweight is important for health. Hence, when we try to prevent increases in BMI and WHR, we should consider work characteristics such as shift work and sedentary job.
